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A model of color particle confinement is considered. The model is based on the Snyder-Yang
algebra, which takes into account a non-commutativity of generalized momenta and coordinates of
a color particle and contains two new constants. An extended kinematical invariance in a quantum
phase space of a color particle give rise to an invariant equation with an oscillator rising potential.
The presence of the oscillator rising potential can simulate a confinement of a color particle. Mass
and lenght parameters involved in the Snyder-Yang commutation relations along with parameters
of current and constituent quarks are estimated.
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1. INTRODUCTION
An origin of confinement as interesting physical
phenomenon is under active study from the begin-
ing of the QCD era [1]. Today we have no rigorous
proof of this fact in spite of considerable efforts. Color
particle confinement is investigated in the frame of
different approaches, for instance, such as the lattice
QCD, the Schwinger-Dyson equations, massive trans-
verse gluons, potential models, etc. In the present
paper we propose a model for color particle confine-
ment based on the Snyder-Yang algebra (SYA) [2, 3]
for color particle operators which have the meaning
of angular momenta and generalized momenta and
coordinates.
The SYA maintains the non-commutativity of
generalized momenta and coordinates and requires
two new constants with dimensionality of mass and
length. However, the maximal non-commutativity
of momenta and coordinates is accomplished in
the frame of the generalized Snyder-Yang algebra
(GSYA) with three new constants with dimension-
ality of mass, action and length, additional to the
standard ones c and h¯ [4, 5, 6, 7].
For the considered below model of color particle
confinement it is sufficient to use a special Snyder-
Yang algebra (SSYA) for the generalized momenta
and coordinates with some constraints on the new
constants. We estimate new constants’ values with
the help of relativistic modification of the constituent
quark mass notion and values of current quark masses
and energies of constituent quarks.
2. GENERALIZED SNYDER-YANG
ALGEBRA
As is known the QCD operates with quantum color
fields of quarks and gluons defined in the conventional
four dimensional Minkowski spacetimeM1,3 [8]. Gen-
erators of the Poincare group together with genera-
tors of translations in the M1,3, i.e. the operators of
momenta, coordinates and angular momenta, consti-
tute a basis for an algebra of observables of the con-
ventional quantum theory. However, in the general
case the coordinates and the momenta of a quantum
particle can be non-commutative between themselves
and commutation relations can depend on three new
constants besides the Plank constant h¯ and the veloc-
ity of light c. We consider the GSYA in the following
form [9]:
[Fij , Fkl] = i(gjkFil − gikFjl + gilFjk − gjlFik),
[Fij , pk] = i(gjkpi − gikpj),
[Fij , qk] = i(gjkqi − gikqj),
[Fij , I] = 0, [pi, qj ] = i(gijI + κFij), (1)
[pi, I] = i(µ
2qi − κpi), [qi, I] = i(κqi − λ
2pi),
[pi, pj ] = iµ
2Fij , [qi, qj ] = iλ
2Fij ,
1
where i, j, k, l = 0, 1, 2, 3, c = h¯ = 1, Fij , pi, xi are
the generators of the Lorentz group and the opera-
tors of momentum components and coordinates, cor-
respondingly, I is an additional ”identity operator”
(I is named as the ”identity operator” in the quo-
tation marks, because it goes to the identity in the
limiting case). The new quantum constants µ and λ
have dimensionality of mass and lenght correspond-
ingly. The constant κ is dimensionless in the natural
system of units.
3. CONFINEMENT OF COLOR
PARTICLES
By applying the algebra (1) to the description
of color particles the condition κ = 0 can be im-
posed. Actually it is known nonzero κ leads to
the CP−violation [4, 5, 6], but strong interactions
are invariant with respect to the P−, C− and
T−transformations on the high level of precision.
Moreover for color particles we imply the following
relation: µλ = 1. Thus for strong interaction color
particles we have the reduction of the GSYA to the
special Snyder-Yang algebra (SSYA) in the case that
the constraints µλ = 1 and κ = 0 are fulfilled. Denot-
ing µ as µc and λ as λc we rewrite the commutation
relations (1) (without the standard commutation re-
lations of pi, xi, Fij with the Lorentz group generators
Fij) as
[pi, qj] = igijI, [pi, I] = iµ
2
cqi, [qi, I] = −iλ
2
cpi,
[qi, qj ] = iλ
2
cFij , [pi, pj ] = iµ
2
cFij . (2)
So we consider the generalized model for a color
particle motion, when coordinates and momenta are
on equal terms and form an eight dimensional phase
space: h ={hA|hA = qj , A = 1, 2, 3, 4, j = 0, 1, 2, 3,
hA = τpj , A = 5, 6, 7, 8, j = 0, 1, 2, 3}. P =
{PA|PA = pj , A = 1, 2, 3, 4, j = 0, 1, 2, 3, PA =
σqj , A = 5, 6, 7, 8, j = 0, 1, 2, 3}. The constants τ and
σ have dimensions of length square and mass square,
correspondingly. The generalized lenght square
l2 = hAhA, (3)
and the generalized mass square
m2 = PAPA, (4)
are invariant under the O(2,6) trans-
formations in the phase space of a
color particle [9], where hA = gABh
B,
gAB =g
AB =diag{1,−1,−1,−1, 1,−1,−1,−1}.
Thus
dm2 = (dp0)
2 − (dp1)
2 − (dp2)
2 − (dp3)
2
+σ2(dq0)
2 − σ2(dq1)
2 − σ2(dq2)
2 − σ2(dq3)
2
= (dp)2 + σ2(dq)2, (5)
and the coordinates qi and the momentum compo-
nents pi are the quantum operators satisfied eqs.(1)
or eqs.(2) in the frame of this approach.
Under these conditions a new Dirac type equation
for a spinorial field ψ has the following form:
γAPAψ = mψ, (6)
where γA are the Clifford numbers for the spinorial
O(2,6) representation, i.e.
γAγB + γBγA = 2gAB. (7)
One can take the product of Eq.(6) with γAPA+m
and apply Eqs.(1), then the following equation for ψ
can be obtained
(pipi + σ
2qiqi + 2Σi<jS
ijFij+
+ 2σS0I)ψ = m2ψ, (8)
where an explicit form of the coefficients Sij have
been written in Ref.[9].
Eq.(8) contains the oscillator potential, which re-
stricts a motion of a color quark and causes its con-
finement. Note that Eq.(8) can also be applied for a
description of a confinement of boson particles such
as diquarks and gluons with the same confinement
parameter σ.
4. ESTIMATIONS OF QUARK
PARAMETERS AND THE µc AND λc
CONSTANTS
Let us consider some consequences of this ap-
proach for determination of color quark character-
istics. From the relations (2) it immediately follows
nonzero uncertainties for results of simultaneous mea-
surements of quark momentum components. For in-
stance, let ψ1/2 is a quark state with a definite value
of its spin component along the third axis. Conse-
quently,
[p1, p2] = iµ
2
c/2, (9)
2
thus
∆p1∆p2 ≥ µ
2
c/4 (10)
and if ∆p1 ∼ ∆p2, one gets
∆p1 > µc/2, ∆p2 > µc/2. (11)
We see that the generalized quark momentum com-
ponents p⊥1,2 cannot be measured better than tenta-
tively one-half a value of µc [9].
One can get estimations of the µc and λc values
using the quark equation (8). As it is seen, m2 and
p2 entered into Eq.(8) can be considered as current
and constituent quark masses squared, respectively.
So Eq.(8) indicates that the convential relation for a
current quark p2cur = m
2 should be transform to
p2 = k2
∗
+M2, M = m+∆ (12)
for a constituent quark, where M is a constituent
mass, k∗ is an effective value of the quark momentum.
∆ and k∗ take into account the contributions from
the additional terms of Eq. (8). To estimate the µc
and λc values with the help of the constituent quark
massM and the current quark massm a ground state
ψ0 in a meson has been considered neglecting an or-
bital angular momentum contribution Lψ0. Together
with Eqs. (12) we use the values of quark energies
and its masses evaluated in the framework of the rel-
ativistic model of quasi-independent quarks [10]. By
this means we obtain the following parameters of the
constituent and current u−, d−, s−, c−, b− quarks
within a few percents of the relative uncertainty.
Table 1. Parameters of the constituent (Q) and the
current (q) quarks in MeV’s at k∗ = 130MeV
Quark u d s c b
Q energy 335 339 486 1608 4950
Q mass 309 313 468 1603 4948
q mass 5 9 164 1299 4644
The quark parameters written in the Tabl. 1 are not
in contradiction with the values of these character-
istics, which have been determined as in the frame-
works of various models, as in the QCD frameworks
[11, 12]. Notice that the parameters presented above
are evaluated at the 130 MeV scale. Now that we
have obtained the quark parameters and k∗, the µc
and λc values are readily evaluated: µc ≈ 180MeV ,
λc ≈ 1.1Fm.
5. CONCLUSIONS
The convenience of the considered model of a color
particle confinement resides in its ability to include
the dimensional parameters, namely µc and λc, in the
relativistically invariant way and in an explicit form.
This model brings into existence the confining parti-
cle, since in the framework of the model the equations
of motion (6) and (8) contain the rising potentials
which provides the confinement of the particles.
It is interesting that µc value estimated above is
approximatelly equal to the critical temperature Tc
of the deconfinement phase transition. If it is not ac-
cidental, then an adequate description of the quark-
gluon plasma is impossible without incorporating a
non-commutativity of dynamical observables in a like
manner as it is presented in the Snyder-Yang algebra.
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